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Abstract In the hope of reducing the adverse health 
consequences of smoking, physicians frequently advise 
their patients who cannot quit to smoke fewer cigarettes. 
Habitua! smokers may compensate for the reduced num¬ 
ber of cigarettes, however, by taking in more; smoke 
per cigarette. We measured the intake of tar (estimated 
as mutagenic activity of the urine), nicotine, and carbon 
monoxide during short-term cigarette restriction. With 
a reduction from an average of 37 cigarettes to an aver¬ 
age of 5 cigarettes per day, the intake of tobacco tox¬ 


ins per cigarette increased roughly threefold and daily 
exposure to tar and carbon monoxide declined only 50 
percent. 

We conclude that smoking fewer cigarettes may reduce 
exposure to toxins and related adverse health conse¬ 
quences. However, consistent with a tendency to maintain 
intake of nicotine, the magnitude of the benefit is much 
less than expected. Whether ‘oversmoking" persists dur¬ 
ing long-term restriction of cigarettes requires further in¬ 
vestigation. (N Engi J Med 1986; 315:1310-3.) 


W HEN faced with smokers who refuse to stop 
smoking, physicians frequently advise their pa¬ 
tients, to switch to low-yield brands and to.cut.down 
on the number of cigarettes smoked daily.: Recent 
research, however, has shown that switching to low- 
yieid cigarettes is of limited value, because smokers 
compensate for lower yields by increasing' their intake 
of .mainstream smoke from each cigarette. 1 ' 3 The rec¬ 
ommendation to smoke fewer cigarettes is reasonable, 
being based on early epidemiologic studies indicating 
that the risks of lung cancer and coronary heart 
disease are proportional to daily cigarette consump¬ 
tion. 4 ’' 1 When the number of cigarettes smoked is re¬ 
duced, however, it is expected that the smoker will 
compensate by altering his or her smoking behavior to 
take in.more smoke per cigarette. 

One experimental study on this topic 6 used single 
measurements of plasma nicotine and ca.rboxyhe.mo- 
globin concentrations after cigarette smoking in a field 
experiment and found that restricting the smoking 
rate by 50 percent (from 29 to 15 cigarettes per day, on 
average) resulted in higher nicotine levels and un¬ 
changed carboxyhemoglobin levels after the restric¬ 
tion. However, this study could not assess overall 
changes in the body burden of toxins, did not examine 
the effects of restriction to 10 or fewer cigarettes per 
day) and. did not confirm.how well subjects complied 
with the request to reduce the number of, cigarettes 
that they smoked. We therefore examined daily intake 
and intake per cigarette of tar (estimated as muta¬ 
genic activity of the urine), 7 nicotine, and carbon 
monoxide, as well as smokers’ satisfaction during ciga¬ 
rette restriction (down to five cigarettes per day) in a 
controlled environment. 
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Methods 

We studied 13 paid volunteers, 10 men and 3 women 22 to 61 
years old (mean, 37), They smoked an average of 39 cigarettes per 
day (range, 20 to 60) and had smoked for an average of 21 years 
(range, 3 to 49). The average Federal Trade Commission smoking- 
machine yields of the subjects 5 usual brands of cigarettes were , 
^17.3 mg of tar, LI mg of nicotine, and 14.9 mg of carbon monoxide. 
The subjects Were hospitalized at the Clinical Study Center of San 
Francisco General Hospital for the duration of the study... - 

The subjects were studied in four experimental smoking blocks. 
Each block lasted three or four days. In the first block, the subjects 
smoked their own brand of cigarettes as they desired. In the next 
three blocks, they were given 15, 10, or 5 cigarettes of their usual 
brand to smoke per day. The order of the blocks was balanced by 
Latin square. The subjects were told that they were participating in 
a study of the health effects of smoking different numbers of ciga¬ 
rettes. They were also told that they could smoke their allotted 
cigarettes in any manner they wished, at any time of day. 

, All cigarette butts were collected. Urine was collected every 24 
hours for determination of mutagenicity. Urine samples were stored 
at ^20°C in polypropylene bottles for two weeks at most before 
extraction. Once during each study block, an indwelling butterfly 
catheter was inserted into the forearm vein for the collection of • 
blood samples. Blood samples were collected every two hours from 
8 a.m. to midnight* then at 4 a.m. and 8 a.m. the next day. 

The concentrations of nicotine in the blood and urine were meas¬ 
ured by gas—liquid chromatography.® Carboxyhemoglobin was 
measured with an IL Model 280 co-oximeter. 

The mutagenicity of the urine was measured according to a modi¬ 
fication of the assay described by Yamasaki and Ames. 9 Urine con¬ 
centrates were prepared by pouring 100 m3 of urine over a 6-ml 
octadecyl (Cl8) extraction column washed with distilled water. 
This was eluted with methanol, dried under nitrogen, and taken up 
into dimethylsulfoxide; the result was tested for mutagenic activity 
by the salmonella-histidine auxotroph-reversion assay (Ames sal¬ 
monella strain TA98). Samples were tested in the presence of an 
Aroclor 1254-induced (S9) fraction of rat liver. The average num¬ 
ber of histidine-independent revertams (bacterial colonies that have 
reverted from dependence on, to independence from, histidine) on 
duplicate plates on each of the last two days of each smoking block 
was computed. Earlier studies in our laboratory (Benovriti NL, et 
a!.: unpublished data) have shown that values for urinary mutage¬ 
nicity during abstinence from tobacco are similar to values for di¬ 
methylsulfoxide control procedures. Urinary mutagenic activity at¬ 
tributable to cigarette smoking was therefore computed as the 
difference between the number of revertants per 25 ml of urine 
during smoking and the number in the dimethylsulfoxide control. 

Assays for urinary mutagenic activity during all experimental 
blocks of a subject were run on the same day. Mechanisms to con- . 
trol for day-to-day variability in the assay included two known posi* 
tive controls: 2-aminofluorene and a sample of pooled smokers 7 
urine. The mutagenic activity of the urine of 11 of the smokers was 
always at least twice that of the control sample. The urine of two 
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subjects had endogenous antibacterial activity, so that the assay, 
could not be performed. Analyses of differences in mutagenic activ¬ 
ity among the blocks were performed for 11 subjects. Since ail urine 
samples from any given subject were analyzed on the same day, 
each subject served as his or her own control for changes that oc¬ 
curred during processing. 

Exposure to nicotine and carbon monoxide was expressed as the 
area under the blood concentration-time curve for nicotine or car- 
b oxyhemoglobin over 24 hours. The carboxyhemoglobin value for a 
nonsmoker— I percent — was subtracted from all values, so that 
carbon monoxide exposure attributable to smoking could be com¬ 
puted. Daily mutagen excretion was computed by multiplying the 
number of revertant colonies per milliliter of urine by the 24-hour 
urine volume. Differences between experimental conditions were 
tested by repeated-measures .analysis of variance,' with Tukey 
' post>tests. ‘ 

Results 

During unrestricted smoking, the subjects “smoked ■ 
an average of 37 cigarettes per day. With a reduction 
‘in'the number of cigarettes smoked, the 24-hour uri¬ 
nary mutagenic activity and exposure to nicp.tine and 
carbon' monoxide declined," bub proportionately less 
than'the-change in “cigarette ^consumption- (Table. 1, 
Fig.'-l). When smoking was restricted to fiye nigarettes 
a day, there was a 3.4- f 2l7-f and ' 3.2-foId .ih'ciease'r 
in urine mutagenic activity 1 and' intake;; of- nicotine 
'and carbon monoxide per cigarette, respectively (Ta¬ 
ble; 1), as 'compared with values'during, unrestricted 
.snioking. C-. y: 1 : ’ -;■ , r '■ ■ - + ■■■ 

When subjects smoked 10 or 13 cigarettes per day 
{30 to 45 percent of base-line consumption), their 
blood nicotine concentrations were 60 to 70 pi t cent of 
base" line. When they smoked five cigarettes per day 
(15 percent of base-line consumption), their nicotine 
intake was reduced to 40 percent of base line,(Fig. 1). 
The ratio of the area under the blood concentration¬ 
time curve for carbon monoxide (AUC co ) io that for 
nicotine (AUC n ; c )and the ratio,of urinary mutagenic . 


activity to AUC n ; c increased as fewer cigarettes were 
smoked, consistent with more frequent or intense puff¬ 
ing. The overall reduction in consumption from 37 to 5 
cigarettes per day resulted in only a 50 percent reduc¬ 
tion in exposure to tar and carbon monoxide. 

Exposure to nicotine in individual subjects is shown 
in Figure 2. In the majority of smokers, nicotine expo¬ 
sure declined less than predicted by the number of 
cigarettes smoked between unrestricted smoking and 
smoking 15 cigarettes per day. In four subjects : — 
those with the highest levels of nicotine intake — the 
expected magnitude of decline'was observed. Three of 
the four with the lowest level of nicotine intake either 
did not change or increased their nicotine intake when 
they were restricted to 15 cigarettes per day. 

• To explore the possibility that the response to- a 
reduction in the number of cigarettes smoked was in¬ 
fluenced by the initial smoking rate, we examined cor- 
relatio.ris.between the number of cigarettes .smoked 
during unrestricted smoking and various measures of 
i xposiire. -jrhere, were .no.significant correlations be¬ 
tween tHe"*riumber of'cigarettes smoked and AUC„i c 
when smoking was. unrestricted (r = 0.01) or between 
"the-number-of cigarettes-smoked and-the change;in. 
AUG'between unrestricted smoking and smoking!!; 
cigarettes-per day —- whether as an absolute change 
(r/-= 0;19) 'or 'ais^a'; percentage ; change "(r-’= .D. 13). 
Smokers with'a higher nicotine intake (AUG nic ) dur-' 
ing unrestricted smoking did have a greater decline in 
AUC n ; c when they were restricted to 15 cigarettes per ' 
day.(r = -0.77; P<0.0i). 

Twelve of the subjects were asked what it was like 
to restrict their cigarette smoking. None reported diffi¬ 
culty with smoking 15 cigarettes.'Some sample com¬ 
ments. wei’e that there (were “no difficulties,” or “no 
hardship,” and that it.was “very easy;”. Four subjects 
reported difficulties when smoking 
10 cigarettes (two subjects ;found 
this regimen the most. difficult). 
Eight subjects reported problems 
. .'with smoking only, five cigarettes 
'(two -subjects said that, it would 
. have been easier to stop smoking). 
The differences in the proportions 
- of complaints from smokers dur¬ 
ing the l5-, 10-, and 5-cigarette 
.smoking blocks were statistically 
■significant, 

Discussion 

On average, smokers greatly iri- 

■ + ■ creased their intake of nicotine and 
other toxins per cigarette as the 
number of cigarettes.-, that : they 

■ ’ smoked per day was reduced. As a 

■ consequence, the potential' health 
benefit of the reduction-in daily'ex¬ 
posure to tobacco-related toxins was 
much less than a linear relation 


Table 1. Influence of Cigarette Restriction on Urinary Mutagenic Activity and Exposure 
i ■ ,. to Nicotine.and. Carbcn Monoxide. 
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: [37 ±9/Pay) 




- fn fan ±SD ’ 


Urinary mutagenic activity (UMA) 





— no: of re vert an ts 


• • - \ 


'S’-’ ‘ 

Per 24 hr ' 

f.3,626±3852 

11,555±2926 

■ ’ 95I4±1881* 

8830±]24?*t 

Per cigarette 

157*102 

472±195* 

507± 238* 

879±216*tf 

Nicotine exposure 


- . • - 



(AUC n;c ) — ngtoiHir 
, Per 24 hr 

516±187 

, 349±I2i* 

2781156* • , 

196 + 128't 

Per cigarette 

14.1±5.6 

. 22.6i8.l- 

28.3H6.2* 

38.8±26.7*T 

Carbon monoxide exposure 

. .- , 

. ..■... ■ 


a- •.*■■ - 

(AUC to ) — % tir . 


;P. •• 


: z.y -i.. 

Per 24 hr 

186+66 

137130? 

107+ 20* 

81±151*t 

Per cigarette . . . • 

5.112.0 

,8.9±I,9^ 

10.511.9* 1 

16.1±2.9rii: 

UMAM.UC ftie . 

I9.9±9.0 

. 20,1 i8.9 

20.3 + 12.8 

27.6+14.05' 

AUCco/AUCSo-.--•! - 

,0;38±0 

-' ■" 0.1" 

0.45*0 19 

0.5‘ 1 *0.?S* . 


•Significant]}- different from value for unrestricted cigarettes/!' •. 
u'-tSignificaniiy different from value for 15 cigarettes per day <>.'■-r.i.v v . 
a Significantly" different from value for 10 cigarettes per Jay fl' - f .05 . . v 
$P = 0.06 for the comparison with all other values or L'M:VAi.K.' n , 
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Figure 1. Influence of Reductions in Ciga 
reties Smoked on Daily Exposure to Tar, 
Nicotine, and Carbon Monoxide- 
Tar was estimated as mutagenic activity of 
the urine. The data on nicotine and carbon 
monoxide are mean values for 13 subjects; 
the data on urinary mutagenicity are mean 
values for 11 subjects. AUC n i c denotes the 
area under the blood concentration-time 
curve for nicotine; AUCco the area unde, 
the blood concentration-time curve for car-. 
_■ bon monoxide._ 


CIGARETTES PER DAY 


,, , : NUMBFR,OF CIGA.REI its PER DAY 

would have predicted. It was not.until the smokers, were 
restricted to smoking, five: cigarettes per day . that the 
average.exposure:declined to 50 percent .of base fine 
Vi.;. The finding: of .increased ratios of .urinary'; muta¬ 
genic activity and carbon. monoxide to nicotine ex-' 
posure as fewer cigarettes were 1 smoked is.consistent 
with machine-smoking studies, in which cigarettes.are 
puffed more frequently or more intensely. 10 ' 11 As ciga¬ 
rettes are smoked to shorter butt lengths', the delivery - 
of tar and carbon monoxide increases logarithmically, 
-whereas the delivery Tof nicotine increases ’.arithmet¬ 
ically. 1’hus,' each'cigarette is smoked in a manner .that 
results in the delivery of tobacco smoke.that may.hav.e 
a more, toxic composition,. ■■ "• ... 

V. We found significant- reductions , in . exposure to 
nicotine and carbon monoxide.when cigarette intake 
was reduced by 60 percent, (from, 37. to 15 cigavcU.es 
per day). The number of:cigarettes smoked whe 
smoking was unrestricted did .not indicate . whicn 
smokers would benefit the most from reductions in the 
cigarette ration. The greatest reductions in exposure 
to toxins were found among smokers with the highest 
nicotine intake per cigarette when smoking was un¬ 
restricted, presumably because they normally smoked 
cigarettes intensely and had less potential for increas¬ 
ing their intake per cigarette. Our finding that nicotine 
intake increased per cigarette supports the findings of 
Ho-Yen et ah, 6 but. our measurements of the area . 
under the blood concentration—time curve show that 
.overall nicotine intake. doe.s decline with restrictions 
on cigarette smoking. 

• The practical medical benefit of recommending re¬ 
ductions in the .'number-of ..cigarettes ,s nt nke'd depends - 
on how well smokers comply. The! overall pat lorn of 
'reductions', in exposure to nicotine^"together with the 
.small number of behavioral problems until severe re¬ 
ductions in nicotine intake .were achieved,, supports 


the boundary model of nicotine reg- 
ulation. 12 This model holds thal 
^ ~ nicotine intake is biologically regu 

. lated . mainly at the extremes of 

Sv'r; - ' “too littleY or “too much” intakr 

. . between these boundaries, psych. 

I . social influences..(e.g.j ..the. cost-■>., 

.. . 0 . cigarettes or requests to reduce.c . i 
.. h- .sumption'), rather thantherier-’ 

■ ■ .the drug,..accountTor-yarinlion 

nicotine intake. 

Our. subjects. smoked - different:, numbers off chw- 
rettes for only three .or four : days I Whether, intense, 
oversmoking, of cigarettesypersists. among smokers': 
who “restrict their smoking for longer periods is .' i 
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Figure 2. Daily Exposure to Nicotine in 13 Subjects Smoking nif- 
.. ferent Numbers, of Cigarettes.,. , 

AUCnic denotes the area under the nicotine blood conuei : 
tion-time curve. The dashed line indicates, the slope of the 
clinc in nicotine exposure thatwould be expected if nicotim 
■ take were- proportional to the number of cigarettes - 
smoked per day. 
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known.. Moreover,'our'data may ‘not, apply- to people - 
who themselves choose’.to. smoke fewer .cigarettes; on v 
whose smoking patterns the existing data on the dose- 
disease rate are based. People who choose to smoke : 
fewer cigarettes per day may have T different level of • 
dependence” on nicodne.-. . .. . 

Our data, may not- apply lo all smokers ,who_are 
trying to quit. Some smokers may consciously restrain 
the intensity of their puffing on each cigarette. How¬ 
ever, our data are relevant to patients who are asked 
by their physician's to smoke fewer cigarettes.’ Such 
patients could easily cut down from 4Q to 15 cigarettes 
per day while reducing their intake'of the toxins in 
tobacco smoke only slightly, by, unknowingly smoking 
each cigarette more intensely.. 

Our findings do not contradict the proposition 
that smoking fewer cigarettes per day poses less 
risk to health than smoking more cigarettes. However, 
the magnitude of the benefit from reduced exposure 
to toxins was much less than.expected. Our observa¬ 
tions may also explain why some patients in; smoking- 
cessation programs are able.to cut down.their daily 
cigarette consumption but are.not.able to quit smok¬ 
ing successfully. They are presumably able to main¬ 
tain, to a'1 considerable degree, their, level of . nico¬ 
tine dependence even though they, are smoking fewer 
cigarettes,.-; : :v 

We are indebted to Kaye Welch for assistance in. the preparation 
of the manuscript, to Ounnard Modiri for statistical advice, to 


Beverly Busa and .Ghih Savanapridi for participation in the clinical 
•study and assays of blood samples, and to Drs. Alexander Shulgm 
and Reese Jones f^r advice arid criticism. 
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